Increases in the number of patients with dementia involving Alzheimer's disease (AD) are seen as a grave public health problem. In neurodegenerative disorders involving AD, biological stresses, such as oxidative and inflammatory stress, induce neural cell damage. Asparagus (Asparagus officinalis) is a popular vegetable, and an extract prepared from this reportedly possesses various beneficial biological activities. In the present study, we investigated the effects of enzyme-treated asparagus extract (ETAS) on neuronal cells and early cognitive impairment of senescence-accelerated mouse prone 8 (SAMP8) mice. The expression of mRNAs for factors that exert cytoprotective and anti-apoptotic functions, such as heat-shock protein 70 and heme oxygenase-1, was upregulated in NG108-15 neuronal cells by treatment with ETAS. Moreover, when release of lactate dehydrogenase from damaged NG108-15 cells was increased for cells cultured in medium containing either the nitric oxide donor sodium nitroprusside or the hypoxia mimic reagent cobalt chloride, ETAS significantly attenuated this cell damage. Also, when contextual fear memory, which is considered to be a hippocampus-dependent memory, was significantly impaired in SAMP8 mice, ETAS attenuated the cognitive impairment. These results suggest that ETAS produces cytoprotective effects in neuronal cells and attenuates the effects on the cognitive impairment of SAMP8 mice.
Alzheimer's disease (AD) is a progressive neurodegenerative disorder that is pathologically characterized by several physical traits: extracellular senile plaques that are mainly composed of a set of hydrophobic peptides referred to as amyloid β (Aβ); intracellular neurofibrillary tangles due to abnormally hyperphosphorylated tau protein; local inflammation characterized by activated microglia and astrocytes; and neuronal loss [1] . Recently, increases in the number of patients with dementia involving AD have been seen as a grave public health problem. In 2009, Alzheimer's Disease International reported that 35.6 million people worldwide live with dementia; the number has doubled every 20 years and is expected to reach an estimated 65.7 million by 2030, and 115.4 million by 2050 [2] . Therefore, to avoid increases in the number of patients with dementia and AD, the establishment of preventive strategies is considered very important.
In experimentation, some commonly used food-derived products have shown beneficial effects that include neuroprotection and a delay in the onset of neurodegenerative diseases. For example, the Curcuma longa-derived polyphenol, curcumin, which is the pigment responsible for curry's characteristic yellow color, has been reported to restore cellular homeostasis and rebalance redox equilibrium, suggesting that it might be a useful adjunct in the treatment of neurodegenerative diseases characterized by inflammation, such as AD [3] [4] [5] . In fact, the administration of curcumin has suppressed inflammation and reduced insoluble amyloid-β (Aβ), soluble Aβ, and the plaque burden in the brains of AD models of amyloid precursor protein-transgenic (APP-Tg) mice [6] . Acetyl-L-carnitine, which is an acetylated derivative of Lcarnitine, has an important role in mitochondrion biologic function since it facilitates the transport of fatty acids to this organelle and has been proposed as a therapeutic agent for several neurodegenerative diseases and for the aging brain [7] [8] [9] . Actually, acetyl-L-carnitine has been used to improve mitochondrial respiration, which allows neurons to produce the ATP necessary to maintain normal membrane potential [10] [11] [12] . Also, we previously found that oligomerized lychee fruit-derived polyphenol attenuates cognitive impairment in senescence-accelerate mice and endoplasmic reticulum stress in neuronal cells [13] .
Asparagus (Asparagus officinalis L.), a healthy and popular vegetable, contains many bioactive substances, such as carotenoids [14] , steroidal saponins [15] and flavonoids [16] , and extracts from this vegetable have been reported to possess various beneficial biological activities, including antioxidant [17] , hypolipidemic [18] , and hypoglycemic [19] . Moreover, extracts of asparagus have been used to suppress tumor cell migration and invasion through a targeting of the Rho GTPase signaling pathway [20] . Nevertheless, little is known about the effect of extracts from asparagus on neuronal cells. In the present study, we used enzyme-treated asparagus extract (ETAS). ETAS is extracted from the residual lower parts of asparagus via a novel manufacturing procedure, and contains a 5-hydroxymethyl-2-furfural (HMF) derivative, named asfural, which shows significant heat-shock protein (HSP) 70 mRNA expression-enhancing activity in human monocyte HL-60 cells [21] . HSPs are molecular chaperones that assist in the proper folding of newly synthesized proteins and promote recovery of the loss of native conformations of stress-induced proteins [22] . Therefore, HSPs have cytoprotective functions and attenuate the apoptosis cascade [23] . In the central nervous system, HSPs are induced by a pathological state, such as neurodegenerative disease and cerebral ischemia, leading to an attenuation of toxicity in a variety of neurodegenerative diseases [24] . In the present study, we investigated the effects of ETAS on neuronal cells and on early and mild cognitive impairment of the model mouse for accelerated senescence.
To search for ETAS target molecules in neuronal cells, we performed a DNA array analysis. The representative genes picked out in the analysis are listed in Table 1 . Interestingly, the cytoprotective and anti-apoptotic expression of mRNAs, involving HSP70 [22, 23] , heme oxygenase (HO)-1, also called HSP32 [25, 26] , growth differentiation factor (GDF) 15 [27] , and neuronal apoptosis inhibitor protein 2 [28] , was upregulated in NG108-15 neuronal cells following treatment with ETAS. On the contrary, the expression of Dickkopf homolog 1 and zinc finger protein 710 was downregulated ( Table 1 ). The results of real time PCR analysis revealed that the expression levels of mRNAs for HSP70, HO-1, and GDF15 were significantly higher in ETAS-treated cells than in those of vehicle-treated cells (Fig. 1A) , and upregulations of HSP70 and HO-1 were also confirmed by protein levels (Fig. 1B ). The expression intensities for the indicated genes are the values that are relative to the expression levels in vehicle-treated cells (set to 1).
Heat shock transcription factor 1 (HSF1) is a powerful inducer of HSP promoters after various stresses, such as heat shock. When the cells are placed under protein-damaging stress conditions, HSF1 is rapidly converted into a transcriptionally active form, proceeding through a multi-step pathway involving a monomer-to-trimer transition and a subsequent gain of DNA binding activity, nuclear accumulation, and extensive post-translational modifications, such as phosphorylation [29] . The HO-1 gene contains an antioxidant response element (ARE) consensus sequence that binds with transcription factor NF-E2-related factors 2 (Nrf2), and activation of the Nrf2/ARE pathway following Nrf2 nuclear translocation has been reported to contribute largely to the induction of HO-1 against inflammation and oxidative damage in various cells involving neuronal cells [30] . As shown in Fig. 2 , ETAS increased the accumulation of HSF1 and Nrf2 proteins in the nucleus of NG108-15 cells. Hence, it is conceivable that an increase in the transcriptional activities of HSF1 and Nrf2 due to ETAS relates to the ETAS-induced enhancement of HSP70 and HO-1 mRNA expression.
The results shown in Figure 1 indicate that ETAS must have a neuroprotective effect against cellular stress through the enhanced expression of cytoprotective factors. Expectedly, although lactate dehydrogenase (LDH) release from damaged NG108-15 cells increased definitely when the cells were cultured in a medium containing the nitric oxide donor sodium nitroprusside (SNP) and the hypoxia mimic reagent cobalt chloride (CoCl 2 ), ETAS significantly attenuated those forms of cell damage (Fig. 3A ). In the present study, the expression of HO-1 in NG108-15 cells was markedly upregulated by treatment with ETAS ( Fig. 1 ). HO-1 is an enzyme that catalyzes heme into carbon monoxide (CO), Fe 2+ , and biliverdin. CO exhibits anti-apoptotic and anti-inflammatory effects, whereas biliverdin is converted into the antioxidant bilirubin. On the other hand, Fe 2+ stimulates the production of the iron-storage protein ferritin. Therefore, there is growing evidence that HO-1 plays a significant physiological role in the cellular stress responses
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Natural Product Communications Vol. 9 (1) 2014 103 of a variety of tissues, which include the brain [25, 26, 30] . Since our results showed that the ETAS-induced attenuation of CoCl 2induced cell damage was inhibited by the HO-1 inhibitor zinc protoporphyrin (ZnPP) (Fig. 3B ), HO-1 is thought to play a large role in ETAS-induced neuroprotective functions. The extract from asparagus contains many bioactive phytochemicals such as carotenoids, oligosaccharides, phenolics, and steroidal saponins [14] [15] [16] . A novel HMF derivative, asfural, was isolated from ETAS along with HMF as a HSP70 inducible compound [21] . Asfural is thought to be a condensation reaction product of HMF and pyroglutamic acid derived from the glutamine contained in asparagus, as with mumefural, and could enhance the expression of HSP70 mRNA in human monocyte HL-60 cells [21] . The asfural in ETAS is, therefore, also expected to contribute to the induction of HSP70 expression in neuronal cells. On the other hand, several types of polyphenols reportedly increase the expression of HO-1 via the activation of Nrf2, and the extract from asparagus contains flavonoids that belong to these polyphenol types [16, 31] . Thus, future studies should focus on determining which compounds in ETAS are important for the enhancement of HSP70, HO-1 and other anti-apoptotic factor expression.
The senescence accelerated mouse (SAM), a model for accelerated senescence, was established by Takeda et al. [32, 33] . The SAM model consists of both senescence prone (SAMP) and senescenceresistant (SAMR) inbred strains [32] . The SAMP8 strain, one of the substrains in SAMP, shows early deficits of learning and memory [32, 33] . For instance, passive avoidance testing shows that the learning memory of a SAMP8 mouse has already declined by 2 months of age [34] . Moreover, spontaneous overproduction of Aβ and hyperphosphorylated tau is found in the hippocampus of SAMP8 mice [35] [36] [37] [38] ; therefore, SAMP8 mice are proposed as a rodent model for AD. In order to examine the effects of ETAS intake on the memory impairment of SAMP8 mice, we conducted a contextual fear conditioning test, since contextual fear memory of SAMP8 mice is known to be impaired [39] . The ratio of freezing responses to training in context A (contextual fear memory) of SAMP8 mice at 24 hours after CS-UCS pairing was significantly diminished compared with that of SAMR1 mice, but no significant difference in freezing responses was observed between SAMR1 and SAMP8-administered ETAS (ETAS-SAMP8) mice, and the ratio of freezing responses of ETAS-SAMP8 increased significantly compared with that of SAMP8 mice (Fig. 4 ). However, with respect to cued fear memory, no significant differences were observed between SAMR1 and SAMP8 mice, as previously reported [39] , and ETAS intake did not significantly affect the cued fear memory of SAMP8 mice (Fig. 4 ). SAMP8 mice overproduce a compound similar to Aβ, and Aβ granules in the hippocampus of SAMP8 mice are observed from 6 months of age [37] . The formation of Aβ granules in the hippocampus of SAMP8 mice increases with age. As a result, amyloid plaques occur late in life (~20 months) [35] . Therefore, the SAMP8 mice used in our experiment (4-month-old) are thought to correspond with an early cognitive impairment state, based on previous experimental results when neither spatial learning nor memory was impaired in Morris water maze tests of these mice. During that study, however, a memory deficiency was observed when the mice were subjected to passive avoidance and conditioned fear memory tests [39, 40] . From the results of our experiments, ETAS seemed to have both neuroprotective and attenuating effects on early and mild cognitive impairment. Moreover, because contextual fear memory is considered both hippocampus-and amygdala-dependent memory, whereas cued fear memory is considered solely amygdala-dependent [41] , based on the results of our studies, ETAS could rescue the impaired consolidation of contextual memory in SAMP8 mice in part through the enhancement of hippocampal function. Because SAMP8 mice at 5 months of age exhibit an increase in gliosis and molecular oxidative damage [36] , it is expected that ETAS-induced enhancement of HSP70 and HO-1expression in the hippocampus has an attenuating effect on cognitive impairment in SAMP8 mice. Nevertheless, no significant differences in the mRNA level of HSP70 and HO-1 in the hippocampus were observed between SAMP8 and ETAS-SAMP8 mice (data not shown). The most commonly expressed reason for this belief might be that ETAS-induced expression of Sakurai et al.
HSP70 and HO-1 in the hippocampus is considered a transient increase because the expression of those genes is originally inducible [22, 26] . Also, this might be one of the reasons that the duration of ETAS administration (15 weeks) was comparatively short-term. Moreover, there is no denying that other mechanism(s) are involved in the ETAS-induced attenuating effects on cognitive impairment in SAMP8 mice. Thus, the responsible mechanism for the attenuating effects on cognitive impairment due to ETAS remains unclear, and further studies are required.
In conclusion, the results obtained in the present study suggest that ETAS exhibits neuroprotective effects through the enhanced expression of HSP70, HO-1 and other anti-apoptotic factors. Moreover, because ETAS attenuates cognitive impairment in SAMP8 mice, further studies will bring about the probability that ETAS could be used as a supplement for AD risk reduction.
Experimental

ETAS:
The fresh bottom parts (approximately 10 cm) of asparagus stems were collected from Kimobetsu, Hokkaido, Japan. Asparagus (90 kg, fresh weight) was extracted with hot water (180 L) at 121 °C for 45 min. The extract was cooled to 60°C and treated with sucrose C as a cellulase (0.9 kg, Mitsubishi-Kagaku Foods Corporation, Tokyo, Japan) for 1.5 h. The extract then was cooled to 45°C and treated with macerozyme A as a pectinase (0.9 kg, Yakult Pharmaceutical Industry Co., Ltd., Tokyo, Japan) for 24 h. After inactivation of the enzymes (121°C, 20 min), the extract was separated by centrifugation at 7,200 rpm (room temperature) and mixed with dextrin (Pindex, 9.0 kg, Matsutani Chemical Industry Co., Ltd., Hyogo, Japan) as a filler. The supernatant containing the filler was then concentrated in vacuo at 105°C and sterilized (121°C, 45 min). Finally, the concentrate was spray dried to produce ETAS (14.5 kg) (Amino Up Chemical Co. Ltd., Sapporo, Japan). Animal care: Four month old male SAMP8 (n = 15) and SAMR1 (n = 8) mice were obtained from the Council for SAM Research via Japan SLC, Inc. (Hamamatsu, Japan). Mice were housed individually in cages in a temperature controlled room at 23°C under a 12:12 h light dark cycle, with food and water available ad libitum. The SAMP8 mice were randomly divided into 2 groups: a control group (SAMP8 mice: n = 7) and an ETAS intake group (ETAS SAMP8: n = 8). ETAS-SAMP8 mice had ETAS (1,000 mg/kg/d each) added to their feed for 15 weeks. All experiments conducted in the present study were approved by the Experimental Animal Ethics Committee of Kyorin University, School of Medicine, Mitaka.
Conditioned fear memory:
Mice were tested for contextual fear conditioning and extinction using modified methods previously described by Fujiwara et al. [42] and Ohta et al. [43] Two conditioning chambers with different shapes (context A, square; context B, triangle) were used for the conditioned fear memory test. Each chamber had a shock grid floor made of stainless rods (Muromachi, Tokyo, Japan). Each mouse experienced 10 incidents of tone-shock [conditioned stimulus (CS), 20 dB] electrical footshock [unconditioned stimulus (UCS): 1.0 mA, 2 sec] pairings in context A. After CS UCS pairing, the mice were allowed to remain in the conditioning chamber for 30 sec before being returned to their home cages. At approximately 24 h after pairing, each mouse was placed in context A to study contextual fear memory, and was scored for the freezing response for 3 min. Moreover, to study cued fear memory, the mice were returned to context B and scored for the freezing response to the CS for 57 sec without the UCS.
Data expression and statistical analysis:
Values are represented as the mean ± SE. The significance of multiple comparisons was determined using ANOVA, followed by the Bonferroni's post-hoc test. We considered P < 0.05 to be statistically significant.
